1. Introduction {#s0005}
===============

Colorectal cancer (CRC) is the second most commonly diagnosed cancer and the fourth leading cause of cancer-related mortality across the world ([@bb0035]). Epidemiological evidence has shown that CRC is associated with obesity ([@bb0020], [@bb0090]), hyperinsulinemia and insulin resistance ([@bb0090], [@bb0115]). Previous studies have also demonstrated that adiponectin participate in body weight regulation. Furthermore, in contrast to other adipokines such as leptin, serum level of adiponectin is negatively associated with insulin resistance, hyperinsulinemia and obesity ([@bb0010], [@bb0135]).

Adiponectin, a circulating 244-amino acid protein, is mainly secreted from adipose tissue. It has been suggested that adiponectin has anti-diabetic, anti-inflammatory ([@bb0080]), anti-angiogenic, and anti-proliferative effects ([@bb0030], [@bb0110]). Adiponectin suppresses colonic epithelial proliferation and play a positive role in cell death ([@bb0015]). The effects of adiponectin on carcinogenesis are mediated by binding and activating its receptors, which are expressed in normal colonic epithelium and in colon cancer cells ([@bb0120]). Epidemiologic evidence has also demonstrated lower serum levels of adiponectin ([@bb0025], [@bb0040]) in cases with CRC than controls. Furthermore, a positive association for leptin-adiponectin ratio and CRC risk has been demonstrated ([@bb0105]). Finally, the potential associations between the adiponectin (*ADIPOQ*) ([@bb0070], [@bb0085], [@bb0055], [@bb0005], [@bb0065], [@bb0125]) and adiponectin receptor 1 (*ADIPOR1*) ([@bb0070], [@bb0055], [@bb0075]) gene variants and CRC risk that have been investigated in several studies, have shown inconsistent results and the role of these genes in the etiology of CRC is still equivocal.

We therefore designed the present study to investigate the possible associations of *ADIPOQ* (rs2241766) and *ADIPOR1* (rs2275738) gene variants with CRC risk.

2. Materials and methods {#s0010}
========================

2.1. Participants {#s0015}
-----------------

A total of 261 cases with CRC aged 22 to 84 years and 339 controls aged 19 to 85 years who referred to Taleghani Hospital (Tehran, Iran) between March 2008 and June 2012 were enrolled into the study. All the 600 subjects were Iranian and genetically unrelated. The case group consisted of all eligible colonoscopy patients with positive pathologic report for CRC, and eligibility criteria for the control group included no individual history of malignant colorectal tumors, adenomatous polyps, or other polyps. Before subjects\' colonoscopy, interviews were performed by using a self-administered questionnaire and information regarding the subjects\' demographic, anthropometric, and clinical characteristics was recorded. Prior entering the study, informed consent was obtained from each subject and the study was approved by the Ethical Committee of Gastroenterology and Liver Diseases Research Center, Shahid Beheshti University of Medical Sciences. Body mass index (BMI) of each subject was calculated as body weight divided by height squared (kg/m^2^) and the subjects were divided in the subgroups based on the diagnosis of CRC and BMI values as follows: normal weight (BMI \< 25 kg/m^2^) controls (n = 166); overweight/obese (BMI ≥ 25 kg/m^2^) controls (n = 173); normal weight cases with CRC (n = 120); and overweight/obese cases with CRC (n = 141).

2.2. Genotype analysis {#s0020}
----------------------

Five milliliters of peripheral blood samples from all 600 subjects were collected in tubes containing EDTA as an anticoagulant and store at 4 °C. Genomic DNA was isolated from peripheral blood leucocytes using standard methods, and genotyping was done by PCR-RFLP method. Characteristics of the studied gene variants, PCR primers, and PCR and RFLP conditions are summarized in [Table 1](#t0005){ref-type="table"}. The two SNPs studied were selected based on their commonly use in previous genetic epidemiology studies, degree of heterozygosity, position in the gene, and functional importance. The PCR products were digested overnight with the appropriate restriction enzymes (Fermentas, Leon-Rot, Germany) and the digested products were run on 2 to 3% agarose gels ([Fig. 1](#f0005){ref-type="fig"}). Bands in gels stained with ethidium bromide for visualization under ultraviolet light. The concordance of genotyping was confirmed by duplicate analysis of approximately 10% of the randomly selected samples.

2.3. Statistical methods {#s0025}
------------------------

Differences in demographic or anthropometric factors were calculated using *t*-test or chi-square test when appropriate. Testing Hardy-Weinberg equilibrium (HWE) for each of the two gene variants among cases and controls, separately, and comparisons of the distribution of the allele frequencies between the groups were performed using the chi-square test. Logistic regression was used to examine genotype frequencies between the different groups. We also used logistic regression analysis to adjust for confounding factors. All statistical analyses were conducted by using SPSS software (version 15.0; SPSS Inc. Chicago, IL, USA) and *P*-values \< 0.05 were considered statistically significant ([@bb0050], [@bb0045]).

3. Results {#s0030}
==========

3.1. Clinicopathological analysis {#s0035}
---------------------------------

Selected characteristics of the study population and their statistical significance are summarized in [Table 2](#t0010){ref-type="table"}. In general, cases with CRC were older and less likely to use NSAIDs when compared with their control counterparts. However, there were no significant differences between the cases with CRC and the controls in terms of sex, BMI, smoking status, and family history of CRC.

3.2. *ADIPOQ* and *ADIPOR1* SNPs analysis {#s0040}
-----------------------------------------

The distribution of genotypes and alleles of the *ADIPOQ* (rs2241766) and *ADIPOR1* (rs2275738) gene variants in cases with CRC and controls are provided in [Table 3](#t0015){ref-type="table"}. None of the genotype frequency distributions for the *ADIPOR1* gene rs2275738 variant deviated significantly from the Hardy-Weinberg equilibrium in both cases and controls (*P* \> 0.05), suggesting that the alleles are in equilibrium. However, the genotype frequencies of the *ADIPOQ* gene rs2241766 variant were consist with HWE among the cases, but were out of HWE in controls (*P* \< 0.05), with decreased heterozygosity.

As shown in [Table 3](#t0015){ref-type="table"}, no significant difference was observed in genotype and allele frequencies between the cases and controls for *ADIPOQ* gene either before or after adjustment for confounding factors. However, the *ADIPOQ* rs2241766 "G" allele compared with the "T" allele was significantly underrepresented in overweight/obese cases with CRC than overweight/obese controls (*P* = 0.046; OR = 0.64, 95%CI = 0.41--0.99). More importantly, analysis of the *ADIPOR1* − 106 C \> T (rs2275738) variant revealed a significant difference between cases with CRC and controls. These data indicated that the carriers of the *ADIPOR1* "CC + CT" genotype compared with "TT" genotype occurred more frequently in cases with CRC than controls (*P* = 0.032; OR = 1.50, 95%CI = 1.04--2.14), and the difference remained significant after adjustment for age, BMI, sex, smoking status, NSAID use, and family history of CRC (*P* = 0.048; OR = 1.49, 95%CI = 1.01--2.20).

In this study the risk of obesity in relation to the two gene variants was also examined. Interestingly, these data indicated that the carriers of the *ADIPOR1* rs2275738 "CC + TC" genotype compared with "TT" genotype occurred more frequently in overweight/obese cases with CRC than normal weight cases with CRC, and the difference remained significant after adjustment for age, sex, smoking status, NSAID use, and family history of CRC (*P* = 0.040; OR = 1.86, 95%CI = 1.03--3.36).

4. Discussion {#s0045}
=============

We conducted a case-control study to explore the possible association between the *ADIPOQ* (rs2241766) and *ADIPOR1* (rs2275738) gene variants and CRC risk among Iranians. No significant difference was found for *ADIPOQ* gene in either genotype or allele frequencies between the cases with CRC and controls. However, the *ADIPOQ* rs2241766 "G" allele compared with the "T" allele was significantly underrepresented in overweight/obese cases with CRC than overweight/obese controls. More importantly, our findings also indicated for the first time that the *ADIPOR1* rs2275738 "CC + CT" genotype compared with "TT" genotype to be marker of increased CRC susceptibility and the difference remained significant after adjustment for the confounding factors. Furthermore, the *ADIPOR1* "CC + TC" genotype compared with "TT" genotype was associated with an increased risk for obesity in the cases with CRC.

4.1. ADIPOQ gene rs2241766 variant {#s0050}
----------------------------------

Complex diseases such as CRC are influenced by interacting networks of genetic and environmental factors. One method of identifying novel susceptibility genes for the diseases is to study polymorphisms in candidate genes and therefore the association among DNA sequence variations and CRC has become a subject of interest in recent years. Adipokine genes including *ADIPOQ* and *ADIPOR1* are strong candidates for the link between obesity and risk of CRC. The potential association between the rs2241766 variant of *ADIPOQ* gene and CRC risk has been investigated in several studies. Some studies have reported no associations between the rs2241766 variant and the CRC risk ([@bb0070], [@bb0085], [@bb0055]). In our study, no significant difference was also found for the variant between the cases and controls. However, our findings in overweight/obese subjects are in line with three recent studies ([@bb0005], [@bb0065], [@bb0125]) showing a significant association between the rs2241766 variant and CRC risk. We observed that the *ADIPOQ* rs2241766 "G" allele was associated with decreased risk of CRC in overweight/obese subjects (*P* = 0.046; OR = 0.64, 95%CI = 0.41--0.99). A very recent meta-analysis ([@bb0125]) indicated that the G allele was a protective factor against cancer, which is consistent with our results. Furthermore, [@bb0005] observed that the *ADIPOQ* rs2241766 "GG + GT" genotype was associated with decreased risk of CRC; while [@bb0065] found that the "GG + GT" genotype was related to the increased risk of CRC. The rs2241766 variant at exon 2 is a "synonymous" SNP meaning that it does not alter the amino acid sequence of adiponectin and therefore the exact molecular mechanism responsible for the relationship of the variant with CRC risk is not known. However, the rs2241766 variant may affect mRNA levels through regulation of mRNA splicing and/or stability. [@bb0130] have suggested that the "G" allele of the rs2241766 variant appears to be more active and its expression was higher than the "T" allele. Previous studies have also reported lower serum levels of adiponectin ([@bb0025], [@bb0040]) in cases with CRC than controls, and higher adiponectin levels in individuals with "GG" genotype compared with those with "TT" genotype ([@bb0060]). Accordingly, our finding that the *ADIPOQ* rs2241766 "G" allele appeared to be a marker of decreased CRC susceptibility in overweight/obese subjects is consistent with the notions above. However, in the present study the distribution of the *ADIPOQ* rs2241766 genotypes deviated from HWE in controls. Deviations from HWE may be attributable to genotyping error, population stratification, small sample size or a true association. Because our genotype data had high quality and all the individuals included in this study were Iranian, as their parents and grandparents were, it seems unlikely that genotyping error or population stratification results in departure from HWE. However, the deviation may be a function of small sample size, because the chance of a deviation from HWE decreases with increasing sample size. Another important point that we should keep in mind is that no departure from HWE would be observed in the control group if they were collected from the general population without any exclusion criteria. In other words, when individuals are excluded from control group due to not having the respective inclusion criteria, a violation of HWE will occur that may result in departure from HWE in the controls. Accordingly, the deviation from HWE can affect the interpretation of the association observed in this study, nonetheless, the possibility of a true association between *ADIPOQ* rs2241766 variant and CRC risk in overweight/obese subjects should not be excluded.

4.2. ADIPOR1 gene rs2275738 variant {#s0055}
-----------------------------------

Only three studies to date have evaluated the association between *ADIPOR1* gene variants and CRC risk, and the results were contradictory ([@bb0070], [@bb0055], [@bb0075]). However, to our knowledge, no studies have examined the association between the − 106 C \> T (rs2275738) variant of *ADIPOR1* gene and CRC risk up to now. In accord with the results obtained by [@bb0070] and [@bb0055], we demonstrated a significant association between *ADIPOR1* gene polymorphism and CRC risk. In contrast, in a study by [@bb0075] no association was found. Our findings suggest for the first time that the *ADIPOR1* − 106 C \> T gene variant may be a genetic contributor to CRC risk. We found that the *ADIPOR1* rs2275738 "CC + CT" genotype compared with the "TT" genotype was associated with an approximate 49% increased risk for CRC. In the study of [@bb0070], the presence of the *ADIPOR1* rs1342387 "CC + CT" genotype compared with the TT genotype increased the risk for CRC, which was similar with the study of [@bb0055]. Interestingly, our study is also the first to show an association between the *ADIPOR1* rs2275738 variant and obesity risk in the patients with CRC. We found that the *ADIPOR1* rs2275738 "CC + CT" genotype compared with the "TT" genotype was associated with an approximate 86% increased risk for obesity. This finding is in concordance with the study of [@bb0095], where the *ADIPOR1* rs2275738 "CC" genotype was associated with the indicators of central obesity. The molecular mechanism through which the rs2275738 variant influences the risk of CRC and obesity is not known at present; however, previous studies have shown significant associations between the *ADIPOR1* gene variants and serum levels of adiponectin ([@bb0060]) and BMI and insulin resistance ([@bb0095]). Previous studies have also demonstrated that the *ADIPOR1* gene variants were associated with the regulation of *ADIPOR1* gene expression ([@bb0100]) and the expression of AdipoR1 is significantly higher in cancer tissue compared with non-tumor tissue from patients with CRC ([@bb0120]). The upregulation of AdipoR1 in tumor cells may be a cellular response to lower circulating adiponectin levels in patients with CRC. We may also infer that the rs2275738 variant could influence CRC and obesity risk by its linkage disequilibrium with other SNPs such as rs1342387 variant ([@bb0095]) to regulate the expression of *ADIPOR1* gene, however, it remained to be confirmed. Accordingly, it is reasonable to believe that *ADIPOR1* gene plays a role in pathogenesis of CRC.

4.3. Study limitations {#s0060}
----------------------

Although well-designed, our study has several limitations. One limitation is the modest sample size that precludes drawing strong conclusions and doing detailed analyses. Another limitation is the limited number of polymorphisms examined. The other potential limitation is our lack of information on serum level of adiponectin as well as mRNA expression levels of *ADIPOQ* and *ADIPOR1* genes, which could modify the effects observed here. However, this study certainly provides interesting information and may serve to guide future studies in this area.

4.4. Conclusions {#s0065}
----------------

To our knowledge, this study demonstrates for the first time that the − 106 C \> T variant of *ADIPOR1* gene may be a genetic contributor to CRC and obesity risk. This observation is relevant from a scientific standpoint; however, further large-scale studies will be needed to firmly establish the relationships between *ADIPOR1* gene and CRC risk. Furthermore, the *ADIPOQ* rs2241766 "G" allele is a protective factor for CRC in overweight/obese subjects. However, further studies with bigger sample size are needed to validate these findings.
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![Representative results of the PCR-RFLP analysis for *ADIPOQ* (A) and *ADIPOR1* (B) gene variants detected by agarose gel electrophoresis. Lane 'L' illustrates the 50 bp DNA ladder.](gr1){#f0005}

###### 

Information for the studied markers in adiponectin (*ADIPOQ*) and adiponectin receptor 1 (*ADIPOR1*) genes.

Table 1

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Gene name (SNP ID)      Chromosome location (base change)   Forward primer\                         PCR program (35 cycles)   PCR size (bp)   Restriction enzyme, incubation temperature   Alleles: RFLP size (bp)
                                                              Reverse primer                                                                                                                 
  ----------------------- ----------------------------------- --------------------------------------- ------------------------- --------------- -------------------------------------------- -------------------------
  *ADIPOQ* (rs2241766)    3q27.3; Exon 2;\                    5′-GAAGTAGACTCTGCTGAGATGG-3′\           93 °C 45 s,64 °C\         372             *Sma*I,\                                     Allele T: 372\
                          (T \> G)                            5′-TATCAGTGTAGGAGGTCTGTGATG-3′          30s, 72 °C 45 s                           30 °C                                        Allele G: 216 + 156

  *ADIPOR1* (rs2275738)   1q32.1; Intron 1;\                  5′-TTTGTGGGAAGACTCTGGCTGGT-3′\          93 °C 45 s,64 °C\         300             *Rse*I,\                                     Allele T: 300\
                          (C \> T)                            5′-TTAGTGAGGTTCTGGGTAAAGGTT GACATT-3′   30s, 72 °C 45 s                           37 °C                                        Allele C: 180 + 120
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Selected characteristics of colorectal cancer patients and control subjects[a](#tf0005){ref-type="table-fn"}.

Table 2

  ---------------------------------------------------------------------------
  Variables                             Controls\    Cases\       *P*-value
                                        (n = 339)    (n = 261)    
  ------------------------------------- ------------ ------------ -----------
  Age (years)                           44.3(16.3)   56.1(12.6)   \< 0.001

  BMI(kg/m^2^)                          25.2(4.2)    25.6(4.9)    0.261

                                                                  

  Gender                                                          

  Men                                   164(48.4)    146(55.9)    

  Women                                 175(51.6)    115(44.1)    0.066

                                                                  

  Smoking history                                                 

  No                                    290(85.5)    214(82.0)    

  Former                                39(11.5)     32(12.3)     

  Current                               10(3.0)      15(5.7)      0.261

                                                                  

  Regular NSAID use                                               

  No                                    270(79.6)    248(95.0)    

  Yes                                   69(20.4)     13(5.0)      \< 0.001

                                                                  

  Family history of colorectal cancer                             

  No                                    303(89.4)    229(87.7)    

  Yes                                   36(10.6)     32(12.3)     0.530

                                                                  

  Tumor site                                                      

  Colon                                 --           167(63.9)    

  Rectal                                --           94(36.1)     --

                                                                  

  Metastasis                                                      

  No                                    --           176(89.3)    

  Yes                                   --           21(10.7)     --
  ---------------------------------------------------------------------------

Variables presented as mean (SD) or number (%).

###### 

Association between genotypes and alleles of adiponectin (*ADIPOQ*) and adiponectin receptor 1 (*ADIPOR1*) gene variants and risk of colorectal cancer[a](#tf0010){ref-type="table-fn"}.

Table 3

  Gene (variant)             Controls (n = 339)   Cases (n = 261)   OR (95%CI) *P*-value[b](#tf0015){ref-type="table-fn"}
  -------------------------- -------------------- ----------------- -------------------------------------------------------
  *ADIPOQ* (rs2241766)                                              
  Genotype-wise comparison                                          
   TT                        240(70.8)            199(76.2)         1.0(reference)
   TG                        82(24.2)             55(21.1)          0.87(0.57--1.33)0.520
   GG                        17(5.0)              7(2.7)            0.44(0.17--1.14)0.092
   TG and GG                 99(29.2)             62(23.8)          0.79(0.53--1.17)0.241
   GG versus others          17(5.0)              7(2.7)            0.45(0.18--1.17)0.103
  Allele-wise comparison                                            
   T                         562(82.9)            453(86.8)         1.0(reference)
   G                         116(17.1)            69(13.2)          1.36(0.98--1.87)0.064
  *ADIPOR1* (rs2275738)                                             
  Genotype-wise comparison                                          
   TT                        109(32.2)            63(24.1)          1.0(reference)
   TC                        154(45.4)            134(51.4)         1.50(0.99--2.29)0.056
   CC                        76(22.4)             64(24.5)          1.45(0.89--2.37)0.139
   TC and CC                 230(67.8)            198(75.9)         **1.49(1.00--2.20)0.048**
   CC versus others          76(22.4)             64(24.5)          1.12(0.74--1.70)0.579
  Allele-wise comparison                                            
   T                         372(54.9)            260(49.8)         1.0(reference)
   C                         306(45.1)            262(50.2)         0.82(0.65--1.03)0.082

Boldface data indicates significance at *P*-value \< 0.05.

Variables presented as number (%).

Adjusted for age, BMI, sex, smoking status, NSAID use, and family history in genotype-wise comparisons.
